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Background: No effective oral therapy exists for early coronavi-
rus disease 2019 (COVID-19).

Objective: To investigate whether hydroxychloroquine could
reduce COVID-19 severity in adult outpatients.

Design: Randomized, double-blind, placebo-controlled trial
conducted from 22 March through 20 May 2020. (ClinicalTrials
.gov: NCT04308668)

Setting: Internet-based trial across the United States and Can-
ada (40 states and 3 provinces).

Participants: Symptomatic, nonhospitalized adults with laboratory-
confirmed COVID-19 or probable COVID-19 and high-risk expo-
sure within 4 days of symptom onset.

Intervention: Oral hydroxychloroquine (800 mg once, followed
by 600 mg in 6 to 8 hours, then 600 mg daily for 4 more days) or
masked placebo.

Measures: Symptoms and severity at baseline and then at days
3,5, 10, and 14 using a 10-point visual analogue scale. The pri-
mary end point was change in overall symptom severity over 14
days.

Results: Of 491 patients randomly assigned to a group, 423
contributed primary end point data. Of these, 341 (81%) had
laboratory-confirmed infection with severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) or epidemiologically linked
exposure to a person with laboratory-confirmed infection; 56%
(236 of 423) were enrolled within 1 day of symptoms starting.
Change in symptom severity over 14 days did not differ between
the hydroxychloroquine and placebo groups (difference in
symptom severity: relative, 12%,; absolute, —0.27 points [95% Cl,
—0.61 to 0.07 points]; P = 0.117). At 14 days, 24% (49 of 201) of
participants receiving hydroxychloroquine had ongoing symp-
toms compared with 30% (59 of 194) receiving placebo (P =
0.21). Medication adverse effects occurred in 43% (92 of 212) of
participants receiving hydroxychloroquine versus 22% (46 of
211) receiving placebo (P < 0.001). With placebo, 10 hospitaliza-
tions occurred (2 non-COVID-19-related), including 1 hospital-
ized death. With hydroxychloroquine, 4 hospitalizations oc-
curred plus 1 nonhospitalized death (P = 0.29).

Limitations: Only 58% of participants received SARS-CoV-2
testing because of severe U.S. testing shortages.

Conclusion: Hydroxychloroquine did not substantially reduce
symptom severity in outpatients with early, mild COVID-19.

Primary Funding Source: Private donors.
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N o effective oral therapy exists for the outpatient treat-
ment of coronavirus disease 2019 (COVID-19). Re-
ducing symptom severity and decreasing hospitalizations
for outpatients is an important public health mitigation
strategy for overcoming this pandemic. Hydroxychloro-
quine has in vitro activity against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and has been pro-
posed as a potentially effective treatment (1).

Most clinical studies investigating therapies for
COVID-19 have examined hospitalized patients with
moderate to severe disease. The initial hydroxychloro-
quine studies were small and had methodological lim-
itations, such as the absence of a control group (2, 3).
Among large, nonrandomized, observational studies
and clinical trials, emerging evidence suggests that an-
tiviral therapy late in the course of COVID-19 may have,
at best, minimal benefit (4-6). However, this therapy
may have clinical benefits in the treatment of mild or
moderate disease when given early in the disease
course. To our knowledge, no randomized clinical trials
to date have investigated agents for early COVID-19 in
nonhospitalized patients.
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We hypothesized that starting hydroxychloroquine
therapy within the first few days of symptoms could al-
ter the course of COVID-19 by reducing symptom se-
verity and duration and preventing hospitalizations.

METHODS
Design Overview

We conducted a multisite, international, random-
ized, double-blind, placebo-controlled trial with a par-
allel design (ClinicalTrials.gov: NCT04308668) (7). Be-
cause therapy is most likely to be effective if given early
in the disease course, we sought to enroll persons as
soon as possible after symptom onset; however, sev-
eral challenges existed. First, in the United States dur-
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ing March and April 2020, SARS-CoV-2 diagnostic test-
ing was extremely limited, nonhospitalized persons
were often ineligible for testing, and turnaround time
for results was multiple days. Second, SARS-CoV-2 can
be undetectable when symptoms begin: The median
false-negative rate of polymerase chain reaction (PCR)
testing has been reported to be 38% on day 1 of symp-
toms (range, 18% to 65%), decreasing over subsequent
days (8, 9). To overcome these challenges and initiate
therapy as early as possible, we enrolled persons with
either laboratory-confirmed COVID-19 or COVID-19-
compatible symptoms and an epidemiologic link to a
contact with laboratory-confirmed COVID-19. Partici-
pants were randomly assigned 1:1 to receive hydroxy-
chloroquine or placebo. Recruitment began on 22
March 2020, enrollment stopped on 6 May, follow-up
concluded on 20 May, and final hospital outcomes
were known by 15 June 2020.

This study was approved by the University of Min-
nesota Institutional Review Board and conducted under
an investigational new drug application (number
148257) from the U.S. Food and Drug Administration.
In Canada, the study was conducted without objection
from Health Canada (control number 237355), and eth-
ics approval was obtained for each province separately
from the Research Institute of the McGill University
Health Centre, University of Manitoba, and University of
Alberta.

Setting and Participants

We enrolled participants through internet-based
surveys throughout the United States and the Canadian
provinces of Quebec, Manitoba, and Alberta. Outreach
for the trial was via traditional and social media. Partic-
ipants completed a self-screening survey to determine
eligibility. If eligible, after reading the consent form,
participants answered a series of multiple- choice ques-
tions to assess study comprehension. Participants pro-
vided a digitally captured signature to document in-
formed consent.

We enrolled nonhospitalized adults who were re-
quired to have 4 or fewer days of symptoms and either
PCR-confirmed SARS-CoV-2 infection or compatible
symptoms after a high-risk exposure to a person with
PCR-confirmed COVID-19 within the past 14 days. High-
risk exposure was defined as an immediate household
contact or a close occupational exposure to someone
with COVID-19 (for example, health care worker or first
responder). Health care workers who had COVID-19-
compatible symptoms and high-risk exposure but whose
contact had PCR results pending were enrolled after
symptom review by an infectious diseases physician. All of
these participants met the COVID-19 case definition of
the U.S. Council of State and Territorial Epidemiologists
(Supplement, available at Annals.org) (10). Participants
were excluded if they were younger than 18 years, were
hospitalized, received certain medications, or met other
safety exclusion criteria (Supplement).

Participants in a third group had a high-risk expo-
sure and were asymptomatic at the time of consent for
a companion postexposure prophylaxis trial, which had

2 Annals of Internal Medicine

Hydroxychloroquine in Nonhospitalized Adults With Early COVID-19

the same inclusion and exclusion criteria (11); however,
these participants became symptomatic before starting
their study medicine on day 1 and were analyzed as
part of this trial.

Randomization and Interventions

Research pharmacists dispensed masked, 200-mg
tablets of hydroxychloroquine sulfate or masked pla-
cebo. Allocation assignment was concealed from inves-
tigators and participants because the study medicine
and placebo were similar in appearance: Both were white
oblong tablets dispensed in opaque bottles. Study med-
ication was shipped overnight to participants by commer-
cial courier. Hydroxychloroquine was prescribed at 800
mg (4 tablets) once, then 600 mg (3 tablets) 6 to 8 hours
later, then 600 mg (3 tablets) once daily for 4 more days (5
days in total). This dose was chosen on the basis of simu-
lations that used previously published pharmacokinetic
parameters and were designed to rapidly achieve and
maintain a hydroxychloroquine concentration above the
estimated half-maximal effective concentration (ECs) for
SARS-CoV-2 (12). Simulations estimated that 94% of par-
ticipants would achieve concentrations above this ECs,
value on day 1 and that concentrations would be main-
tained for 10 to 14 days. Placebo tablets of folic acid, 400
mcg, were prescribed as an identical regimen for the con-
trol group. In Canada, the placebo tablets were lactose. If
gastrointestinal upset occurred, we advised dividing the
total daily dose into 2 or 3 doses.

Sequential randomization occurred at research
pharmacies in Minneapolis, Minnesota, and Montreal,
Canada. The trial statistician generated a permuted
block randomization sequence using differently sized
blocks in a 1:1 allocation, stratified by country. A sepa-
rate randomization stratum also existed for persons
who were initially asymptomatic at the time of informed
consent but became symptomatic before receiving the
study medication on day 1. The research pharmacies
held this list, and statisticians verified that the random-
ization sequence was followed.

Outcomes and Follow-up

We collected self-reported survey data using the
Research Electronic Data Capture (REDCap) system
(13). We e-mailed participants follow-up surveys on days
1 (medication start date), 3, 5 (medication stop date), 10,
and 14 to assess study medication adherence, adverse
effects, presence and severity of COVID-19 symptoms,
COVID-19 test results, and hospitalization status. If partic-
ipants were hospitalized within 14 days, we continued
follow-up past study completion to assess outcomes. We
assessed symptom severity on a 10-point visual analogue
scale where 0 indicated no symptoms and 10 indicated
severe symptoms (Supplement). Medication-related ad-
verse events were collected with directed questioning on
the most common adverse effects and an open-ended
free-text field. For participants who did not respond to
follow-up surveys, investigators used text messages,
e-mails, or telephone calls to ascertain outcomes from
them or their designated third-party contacts. If this was
unsuccessful, investigators searched the internet for obit-
uaries or other evidence of vital status.
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Study End Points

The initial primary outcome was an ordinal out-
come by day 14 of not hospitalized, hospitalized, or
intensive care unit stay or death. Secondary end points
were symptom severity at day 5 and day 14 by 10-point
visual analogue scale, nominal incidence of all hospital-
izations and deaths, and incidence of study medicine
withdrawal.

Changes in End Point and Sample Sizes

Before the first interim analysis on 24 April 2020, it
became apparent that the pooled event rate of hospi-
talization or death was substantially lower than our ini-
tial 10% expectation (original sample size calculations
as described in Statistical Analysis section). Without un-
blinding of treatment allocation or analysis of the data,
the principal investigator proposed to the data and
safety monitoring board (DSMB) that we modify the pri-
mary end point to the change in overall symptom se-
verity over 14 days as longitudinally measured on a 10-
point visual analogue scale. The DSMB approved the
change on 24 April 2020. The change was necessary
because the low event rate of hospitalizations or deaths
in the trial would have required increasing the sample
size to 6000 participants, which was not attainable.
With enrollment of at least 200 participants per group,
we determined that the revised trial would have 90%
power (with a 2-sided « level of 0.05) to detect a statis-
tically significant difference between the groups for a
change in symptom severity score as small as 0.25 points
on the 10-point visual analogue scale. The trial halted at
the second DSMB meeting on 6 May 2020, when the
DSMB determined that sufficient statistical power had
been achieved to evaluate the primary outcome.

Statistical Analysis

We had originally designed the trial assuming an
8% incidence of hospitalization and 2% incidence of
intensive care unit stay or death (10% in total for these
adverse outcomes) (14, 15). Using a proportional odds
model with an estimated 50% effect size to reduce
these ordinal outcomes with a 2-sided « level of 0.05
and 90% power, we had estimated 621 participants per
group. With a novel internet-based trial, we had as-
sumed that loss to follow-up might be higher than in a
traditional trial; therefore, we had adjusted the sample
size by 20% to 750 participants per group.

The primary analysis cohort included participants
who completed at least 1 follow-up survey, so that
change in symptom severity score could be assessed.
The symptom severity score was self-assessed using a
10-point visual analogue scale (0 to 10, with 0.1-point
increments). We assigned a severity score of 0 to those
with no symptoms. Those who died of complications
related to COVID-19 were assigned a severity score of
10 for any surveys missed up until the date of death.
Both actual severity scores and changes in score from
baseline were assessed for normality (Supplement Fig-
ure 4, available at Annals.org). We used a longitudinal
mixed model, adjusted for baseline severity score, to
analyze the primary end point of change in symptom se-
verity through day 14. The absolute difference and 95%
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Cl for change in severity score from baseline between
groups are presented, along with the relative difference,
calculated as [(hydroxychloroquine mean — placebo
mean)/ placebo mean]. A priori-specified subgroups for
the primary outcome included days of symptoms before
enrollment, age, sex, and laboratory-confirmed infection
versus probable COVID-19. The primary end point was
additionally assessed by medication adherence, zinc use,
or vitamin C use as post hoc analyses. The Supplement
gives additional detail on statistical methods and sensitiv-
ity analyses.

Analysis of the ordinal secondary end point of no
hospitalization, hospitalization, or admission to the in-
tensive care unit or death was not done because of the
low event rate. The overall incidence of hospitalization
or death was compared between the groups with
Fisher exact tests. The analysis cohort for the outcome
of hospitalization or death included all randomly as-
signed participants with vital status known at any point
during follow-up. The presence of symptoms at each
time point was assessed with the Fisher exact test, and
we analyzed change from baseline symptom severity
score at each visit using linear regression, adjusted for
baseline severity score. We did analyses with SAS soft-
ware, version 9.4 (SAS Institute), according to the
intention-to-treat principle (that is, all participants with
data are included in the analyses regardless of their
medication status) with a 2-sided type | error using an a
of 0.05. No adjustments for type | error were made to
account for the number of secondary and subgroups
analyses; therefore, subgroup analyses should be inter-
preted with caution.

Role of the Funding Source

The funders did not contribute to design, collec-
tion, management, analysis, interpretation of data, writ-
ing of the report, or the decision to submit the report
for publication.

RESULTS

We enrolled 491 participants from the United
States and Canada (Figure 1), of whom 423 completed
at least 1 follow-up survey with symptom data (to con-
tribute data to the primary end point) and 465 contrib-
uted vital status data after enrollment (to contribute to
the secondary end point of hospitalization or death).
Twenty-six participants (5.3%) contributed no data after
enrollment and are not included in any analyses. Of the
423 participants contributing data for the primary end
point, there were 241 (57%) health care workers, 106
(25%) household contacts, and 76 (18%) with other ex-
posures (Table). The median age was 40 years (inter-
quartile range [IQR], 32 to 50 years), and 56% (n = 238)
were women. Persons identifying as Black or African
American were underrepresented (3%). Frequent co-
morbid conditions included asthma (11%), hyperten-
sion (11%), and diabetes (4%); 68% of participants re-
ported no chronic medical conditions.

Overall, 341 participants (81%) ultimately had ei-
ther a positive PCR result or a high-risk exposure to a
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Figure 1. Study flow diagram.
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Eligible participants were allocated in a 1:1 ratio to receive masked placebo or hydroxychloroquine, 800 mg (4 tablets) once, then 600 mg (3
tablets) in 6-8 h, then 600 mg (3 tablets) daily for 4 more days. Persons who were exposed to a contact with a positive result on a polymerase chain
reaction (PCR) test and who remained asymptomatic (n = 821) were enrolled in our companion trial on postexposure prophylaxis (11); however, 100
persons became symptomatic before receiving study medicine on day 1 and were included in this early treatment trial, as per the protocol-specified
plan. Of these, 81 met the U.S. coronavirus disease 2019 (COVID-19) case definition on day 1 on the basis of their symptom complex, whereas 19
were possible COVID-19 on day 1 (10). Most of the 2237 symptomatic persons who were ineligible had >4 d of symptoms (55%) or did not have

access to PCR testing (41%). PrEP = preexposure prophylaxis.

PCR-positive contact (Figure 2). Of these 341 persons,
145 were PCR-positive for SARS-CoV-2 and 280 had
known high-risk exposure to a PCR-positive contact; 84
had both. The remaining 82 participants (19%) were
enrolled with suspected COVID-19: They had COVID-
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19-compatible symptoms and reported high-risk expo-
sure, but the contact's PCR was pending or unavailable.
Of these, 37 had 2 of 3 symptoms of cough, fever, and
shortness of breath. Those with a PCR-confirmed diag-
nosis took a mean of 2.2 days of symptoms to enroll,
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compared with 1.3 days for those enrolled via symp-
toms and an epidemiologic link to a PCR-positive con-
tact (Supplement Table 7, available at Annals.org).

Atenrollment, 413 participants (98%) reported at least 1
COVID-19-compatible symptom; cough (65%), fatigue
(52%), and headache (51%) were the most prevalent. Base-
line symptoms were similar between study groups, and
the median number of COVID-19-compatible symptoms
reported was 4 (IQR, 2 to 6 symptoms). Overall, 56% (236
of 423) of participants enrolled within 1 day of symptom
onset (Table).

We assessed the prevalence and severity of symp-
toms at each survey time point. By the fifth day, 54%
(109 of 203) of participants receiving hydroxychloro-
quine reported symptoms, compared with 56% (108 of
194) receiving placebo. At day 14 of the trial, 24% (49
of 201) receiving hydroxychloroquine reported symp-
toms versus 30% (59 of 194) receiving placebo (P =

Table. Baseline Characteristics of Primary End Point
Cohort, by Treatment Group*

Characteristic Hydroxychloroquine Placebo

(n=212) (n=211)
Median age (IQR), y 41 (33-49) 39 (31-50)
Median weight (IQR), kg 73 (61-85) 74 (64-86)
Femalet 123(58.0) 115 (54.5)
Health care worker 124 (58.5) 117 (55.5)
Canadian 20(9.4) 18 (8.5)
Asymptomatic at time of consent 47 (22.2) 52 (24.6)
Comorbid conditions
None 140 (66.0) 147 (69.7)
Hypertension 23(10.8) 23(10.9)
Diabetes 8(3.8) 7(3.3)
Asthma 28(13.2) 20(9.5)
Current smoker 8(3.8) 9(4.3)
Duration of antecedent symptoms
<1d 86 (40.6) 83(39.3)
1-2d 67 (31.6) 78 (37.0)
3-4dt 59 (27.8) 50(23.7)
Symptoms at baseline
Cough 138 (65.1) 137 (64.9)
Fever 84 (39.6) 78 (37.0)
Shortness of breath 65(30.7) 74 (35.1)
Headache 116 (54.7) 98 (46.4)
Sore throat 90 (42.5) 85 (40.3)
Fatigue 116 (54.7) 102 (48.3)
Muscle aches 100 (47.2) 85(40.3)
Lack of smell 29(13.7) 30(14.2)
Number of COVID-19 symptoms 4 (2-6) 4 (2-5)
(IQR)
Mean symptom severity score 4.1(2.2) 4.2(2.3)
(SD)§
COVID-19 diagnostic
classification||
Participant PCR positive 73(34.4) 72 (34.1)
Exposure contact PCR positive 134 (63.2) 146 (69.2)

COVID-19 = coronavirus disease 2019; IQR = interquartile range;
PCR = polymerase chain reaction.

* Values are numbers (percentages) unless otherwise specified. Sup-
plement Table 1 (available at Annals.org) gives further demographic
details on all 491 participants who were randomized. Those who were
asymptomatic at time of consent newly developed symptoms by day 1
when starting the study medicine. All Canadians received PCR testing.
T 3 women were breastfeeding; 0 were pregnant.

t 6 participants had >4 d of symptoms by the time of randomization.
§ Assessed by a 0- to 10-point visual analogue scale with 0.1-point
increments. The Supplement gives details about the visual analogue
scale.

[ Not mutually exclusive; see Figure 2 for overlap.
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Figure 2. Venn diagram of qualification for study
enrollment.

Participant PCR
positive
n=38

2 of 3 present:
fever, cough,
dyspnea
n=37

Contact PCR
positive
n=126

Venn diagram showing the distribution of how 378 participants qual-
ified for enrollment. Two of 3 major symptoms were from among
cough, shortness of breath, and fever. An additional 26 participants
qualified by having pending (or unavailable) PCR tests at entry, having
symptoms compatible with coronavirus disease 2019 (COVID-19), and
meeting the case definition after adjudication by an infectious disease
physician (10). Five persons later reported PCR-positive contact, with
test results returning after enrollment. In addition, 19 initially asymp-
tomatic persons who had been randomly assigned in the postexpo-
sure prophylaxis trial (11) developed new symptoms on day 1 but not
2 of 3 major symptoms. Figure 5 shows hierarchical outcomes by con-
firmed PCR positive, contact PCR positive, or probable case only.
PCR = polymerase chain reaction.

0.21) (Figure 3). These findings remained true when the
comparisons were limited to symptoms of fever, cough,
or shortness of breath at day 14 (16% receiving hy-
droxychloroquine vs. 22% receiving placebo).

For the primary outcome, we assessed the change in
symptom severity score over 14 days in those given hy-
droxychloroquine versus placebo for 423 participants
with available longitudinal data on symptom severity. The
hydroxychloroquine group had a mean reduction from
baseline of 2.60 points on the 10-point visual analogue
scale for symptom severity, compared with a 2.33-point
reduction in the placebo group (absolute difference,
—0.27 points [95% Cl, —0.61 to 0.07 points]; P= 0.117)
(Figure 4). This equates to a non-statistically significant
difference in average improvement in symptom severity
of 12% between the hydroxychloroquine and placebo
groups. Overall, hydroxychloroquine failed to cause a sta-
tistically significant decrease in symptom prevalence or
severity over the 14-day study period.

We analyzed a priori-defined, baseline subgroups by
change in symptom severity score through 14 days (Fig-
ure 5). Subgroup results were generally consistent with
the overall result. Of note, inclusion of persons without a
laboratory-confirmed diagnosis did not dilute the hy-
droxychloroquine effect because there was no significant
interaction between those who had PCR-confirmed dis-
ease (nonsignificant 5.2% relative improvement) and
those who did not have PCR-confirmed disease (nonsig-
nificant 14.7% relative improvement) (P for interaction =
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Figure 3. Percentage of participants with ongoing
COVID-19 symptoms.
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The percentage of participants reporting symptoms over time did not
statistically differ by use of hydroxychloroquine or placebo. By day 14,
the proportion of hydroxychloroquine participants with symptoms was
6 percentage points less than that of placebo participants (24% vs.
30%; P = 0.21). The stacked bar graph distinguishes the relative pro-
portions of those with presentation of cough, fever, or shortness of
breath vs. other COVID-19-related symptoms. Exact percentages can
be found in Supplement Figure 2 (available at Annals.org). COVID-
19 = coronavirus disease 2019.

0.51). We explored the change in symptom severity score
by medication adherence as a post hoc analysis and
found improvement in those receiving hydroxychloro-
quine compared with placebo when they took at least
75% of the prescribed study medication (19.5% relative
benefit). However, within the hydroxychloroquine group,
improvement in symptom scoring by day 14 did not differ
between participants who were more than 75% adherent
(change, —2.57 points) and those who were less than 75%
adherent (change, —2.70 points). Additional post hoc
analyses showed that self-reported use of zinc or vitamin
C in addition to hydroxychloroquine did not improve
symptoms over use of hydroxychloroquine alone (Supple-
ment Table 2, available at Annals.org).

The incidence of hospitalization or death was 3.2%
(15 of 465) among participants with known vital status.
With hydroxychloroquine, 4 hospitalizations and 1 non-
hospitalized death occurred (n = 5 events). With pla-
cebo, 10 hospitalizations and 1 hospitalized death oc-
curred (n = 10 events); of these hospitalizations, 2 were
not COVID-19-related (nonstudy medicine overdose
and syncope). The incidence of hospitalization or death
did not differ between groups (P = 0.29).

On completion of the study medication regimen,
77% (157 of 203) of participants receiving hydroxychlo-
roquine reported complete adherence to the regimen,
compared with 86% (166 of 194) receiving placebo.
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Figure 4. Overall symptom severity score over 14 d.
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At each visit, participants reported their overall severity of coronavirus
disease 2019 (COVID-19) symptoms on a continuous visual analogue
scale of 0-10 points. The primary end point (overall change in symp-
tom severity score) was calculated with linear mixed-effects models,
adjusted for baseline severity score. Hydroxychloroquine was associ-
ated with a 12% relative difference over placebo, based on an abso-
lute difference of —0.27 (95% CI, —0.61 to 0.07; P= 0.117) on the
visual analogue scale. Supplement Table 4 (available at Annals.org)
shows mean values and 95% Cls. At day 5, symptom severity had
worsened from baseline in 16% of participants receiving hydroxychlo-
roquine and 20% of those receiving placebo.

Adverse effects were more common in those receiving
hydroxychloroquine than placebo through the 5-day
regimen (43% [92 of 212] vs. 22% [46 of 211]; P<
0.001). With hydroxychloroquine, gastrointestinal
symptoms were the most commonly reported adverse
effect: 31% (66 of 212) of participants reported upset
stomach or nausea, and 24% (50 of 212) reported ab-
dominal pain, diarrhea, or vomiting (Supplement Table
3, available at Annals.org). We observed no association
between the presence of adverse effects and that of
symptoms (Supplement Table 8, available at Annals
.org). Adverse effect prevalence decreased markedly
after day 5. No serious adverse events attributable to
the study drug occurred.

We assessed the efficacy of study medicine mask-
ing on day 14. Of the 194 participants who completed
day-14 surveys in the intervention group, 49% (n = 94)
correctly identified that they had received hydroxychlo-
roquine, 7% (n = 14) believed that they had received
placebo, and 44% (n = 86) were unsure. Of the 182
who completed day-14 surveys in the placebo group,
30% (n = 54) correctly guessed placebo, 25% (n = 46)
incorrectly guessed hydroxychloroquine, 42% (n = 76)
were unsure of their randomization assignment, and
3% (n = 6) did not respond. Thus, masking was gener-
ally effective, with adverse effects markedly differing
between groups.

DISCUSSION

In this randomized, double-blind, placebo-controlled
trial of symptomatic outpatient adults with probable or
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confirmed early COVID-19, a 5-day course of hydroxy-
chloroquine failed to show a substantial clinical benefit
in improving the rate of resolution of COVID-19 symp-
toms in the enrolled clinical trial participants. Of those
receiving placebo, 70% reported no COVID-19 symp-
toms by day 14 of the study, 96% had not been hospi-
talized, and 99.6% survived. The change in symptom
severity was not statistically significant: only a 12% rel-
ative improvement over placebo. For comparison, os-
eltamivir in influenza showed a 25% to 35% relative re-
duction in symptom severity score in clinical trials (16,
17). Therefore, the modest clinical effect that practitio-
ners ascribe to oseltamivir is still twofold greater than
that observed with hydroxychloroquine.

To our knowledge, this is the first randomized clin-
ical trial investigating treatment of COVID-19 among

ORIGINAL RESEARCH

outpatients (a search of PubMed and MEDLINE on 24
June 2020 for publications in all languages using the
keyword COVID-19 revealed no published outpatient
randomized clinical trials). This builds on other random-
ized trial data on hydroxychloroquine, which have not
shown any benefit for postexposure prophylaxis or for
treatment of hospitalized patients (11, 18, 19). In addi-
tion, after this trial was completed, in vivo animal
models have reported no hydroxychloroquine activity
against SARS-CoV-2 in hamsters, ferrets, or nonhuman
primates (20-22).

Change in symptom severity score using a 10-point
continuous visual analogue scale is a clinically relevant
end point describing participant improvement over
time. Validated scoring instruments for symptom sever-
ity were not yet available for outpatients with COVID-19

Figure 5. Change in symptom severity score over 14 d, by a priori subgroups.

Subgroup Hydroxychloroquine Placebo Absolute Difference Interaction
n Change (SE) n Change (SE) (95% Cl) P Value
-0.27
Overall 212 -2.60 (0.12) 211 -2.33(0.12) P=0.117
Biological sex
050 0.28
Male 88 -2.88 (0.19) 94 -2.38(0.18) i
-0.11
Female 123 -2.38(0.16) 115 -2.27 (0.17) —e1—
Age 016 0.73 (0.060)
18-35y 69 -2.89 (0.20) 83 -2.73 (0.18) —
-0.28
36-50y 94 -2.48 (0.17) 78 -2.20 (0.19) —1
-0.45
>50y 49 -2.36 (0.30) 50 -1.91 (0.30) f————7
Duration of symptoms
~0.10 0.28 (0.93)
<1d 86 -1.91(0.17) 83 -1.81(0.18) f—er—
-0.66
1-2d 67 -3.21(0.24) 78 -2.55 (0.22)
0.0
3-4d 59 -2.89 (0.24) 50 -2.88(0.26) f———
SARS-CoV-2 PCR testing 0.51
PCR-confirmed 73 -2.21(0.23) 72 -2.10(0.23) |ﬂf_|
Not confirmed 139 -2.80 (0.14) 139 —2.45(0.14) '&.—|
Exposure contact 0.51
-0.18 )
PCR-confirmed 134 -2.49 (0.15) 146 -2.30(0.15) e
-0.44
Not confirmed/unknown 78 -2.82 (0.20) 65 -2.38(0.22)
Final diagnosis 0.68
-0.11
PCR-confirmed 73 -2.21(0.23) 72 -2.10(0.23) et
-0.27
Contact PCR positive 92 -2.71(0.16) 104 -2.44 (0.16) fF—e—H
Probable case only 47 -3.01(0.26) 35 -2.46(0.30) 0%, |
I T T T T 1

-15 -1 -05 0 0.5 1 1.5

Favors hydroxychloroquine Favors placebo

Mean change from baseline and estimated difference from a longitudinal mixed model adjusted for baseline severity score. P values for trend of
continuous variables are in parentheses. Subgroups were defined a priori in the protocol. The final diagnosis includes all diagnostic testing results
during the study period. Probable diagnosis is based on the U.S. clinical case definition (10). The final diagnosis categories are hierarchical as listed
(and thus mutually exclusive). Participants with symptom duration of 1-2 d before enrollment in the hydroxychloroquine group had a larger
reduction in symptom score than those receiving placebo, but this was not observed in those who enrolled with symptom durations <1 d, where
one might expect an even greater effect if hydroxychloroquine therapy helped mitigate disease severity if started very early in the disease course.
Additional post hoc subgroups of medication adherence, zinc, and vitamin C are presented in Supplement Table 2 (available at Annals.org).
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when we designed this trial. Although the visual ana-
logue scale is a subjective measure, the within-person
measurement of symptom severity is internally consis-
tent over time. For our outpatient trial, time to resolu-
tion of an individual symptom was not considered ap-
propriate because individuals presented with differing
symptoms. For example, 65% had cough, and 38% had
fever. In addition, some isolated symptoms, such as fa-
tigue, may persist after the overall syndrome subsides.
Thus, we believe that the intraperson change in overall
symptom severity over time represents a clinically
meaningful end point, particularly in a disease that ex-
hibits such heterogeneous symptomatology. Using a
continuous end point results in smaller sample sizes
than required for categorical or ordinal end points—
thereby expediting phase 2 trials and allowing early as-
sessment of potential clinical benefit.

Our original end point was an ordinal outcome of
reduced hospitalization, intensive care unit stay, or
death. Among the enrolled participants, the incidence
of hospitalization was only 3% and incidence of death
only 0.4%, making the planned analysis of the ordinal
end point futile. We do note that 8 COVID-19 -related
hospitalizations (including 1 death) occurred with pla-
cebo versus 4 COVID-19 hospitalizations (and 1 addi-
tional death; 5 events in total) with hydroxychloroquine.
Our population was relatively young with 77% of partici-
pants being aged 50 years or less, with few comorbid
conditions; thus, our trial findings are most generalizable
to such populations. It is possible that hydroxychloro-
quine is more effective in populations at higher risk for
complications, such as older persons in long-term care
facilities (23). Performing randomized trials in long-term
care facilities could test whether hydroxychloroquine can
reduce hospitalizations; however, the risk for medication
adverse effects and drug-drug interactions will also be
higher (24).

The primary limitation of our trial is the lack of
confirmed SARS-CoV-2 infection in all participants,
although participants met international and U.S.
COVID-19 case definitions (10, 25). The trial began on
22 March 2020, when PCR testing supplies were se-
verely limited in the United States with outpatients inel-
igible for testing or with frequent delays in receiving
test results. We countered this by enrolling participants
with known epidemiologic links to index cases with
PCR positivity and proven high-risk exposures. The use
of epidemiologic linkage to enroll symptomatic per-
sons is both a limitation and a strength. Although these
persons did not have PCR-confirmed diagnoses, using
epidemiologically linked cases enabled rapid enroll-
ment after symptoms began: 56% of participants en-
rolled within 1 day of symptom onset. Only 16% of par-
ticipants contributing data to the primary end point had
a confirmed negative result on a PCR test; this falls
within the known false-negative rate of current molecu-
lar techniques (8). In subgroup analyses, participants
with epidemiologic linkage or probable COVID-19 by
case definition only had similar responses to those with
PCR-confirmed COVID-19. PCR-confirmed cases had
the least effect observed.
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In conclusion, finding effective therapies against
COVID-19 remains critical. Effective treatment of early,
outpatient COVID-19 could decrease hospitalizations
and, ultimately, morbidity and mortality. Hydroxychlo-
roquine did not substantially reduce symptom severity
or prevalence over time in nonhospitalized persons
with early COVID-19. This trial may not inform whether
an effect would be observed in populations at higher
risk for severe COVID-19. Further randomized con-
trolled clinical trials are needed in early COVID-19.
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